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ABSTRACT 



Stacked, multimodular circuit assemblies arc provided 
which comprise stacked, r esectab le, modules containing 
elect ronic circuitry, each mo3uTe*Eaving a plurality o f elec- 
tricaily conductive, embedded through- vias between the 
upper and major surfaces thereof. The mrough-vias are 
contained within the module matrix outside of the circuit- 
containing cavity or **tub" of the module and within the outer 
edges of the module body. Electronic circuitry contained in 
the module cavity is electrically connected to the through- 
vias by signal traces ox vias passing out of the cavity and into 
contact with the through- vias, and adjacent modules are 
dcctrically interconnected by a resealable, multichannel 
connector array between adjacent modules having electri- 
cally conductive channels coupling opposing througb-vias 
of the adjacent modules. The connector arrays can also serve 
to seal the assembly when the entire assemblage of modules 
is compressed and to connect the stacked modular assembly 
to exterior circuitry such as a printed circuit board or other 
device. Methods are also provided for assembling and 
electrically interconnecting electronic components within 
such stacked maltimodular assemblies by attaching comp o- 
n ents of an electron ic grant to at lejmt twn staclrahte 
mo dules of the type described within the cavity thereof, 
inte rconnecting the circuit components with the described" 
thron gh-vias, and stacking and interconnecting the stackab le 
modules" with the d ^gra'hpfl Trni 1tlVt>gTIT1 rt «™yp 
interposed between each adjacent module pair. 
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24 Claims, 9 Drawing Sheets 
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STACKABLE MODULES AND pulses appear. Obviously, such signal distortion results in 

MULTIMODULAR ASSEMBLIES system failure, and these problems are exacerbated as micro- 
process or operating frequencies increase. 

This invention was made with Government support Signal reflectance/distortion can be reduced with 

under Contract F29601-93-C-0157 awarded by the Depart- 5 adequate impedance in the output circuit to 'lerminate" the 

mentofAk Force. The Government has certain rights in the signal. This impedance, referred to as "termination 

invention. impedance,'' is typically on the order of about 22 to about 33 

_ ™ ™ nT twtv ohms. It can be readily seen that, while introduction of such 

BACKGROUND impedance might solve the problem of signal distortion* it is 

1. Held of the Invention 10 unacceptable in many circumstances. The power required to 
This invention relates to the field of dectronics packaging me output signals against such impedance is often 

and, in particular, to modules for housing electronic com- excessively high, unduly increasing circuit heat load and 

ponents and interconnecting multiple electronic components multiplying several fold the capacity of chip output transis- 

in multimodular stacked assemblies and to stacked, muiti- tors. 

modular assemblies containing interconnected electronic 15 Signal distortion associated with line reflectance, 

components. capacitance, inductance, eta, can also be reduced by reduc- 

2. Description of Related Art ing signal travel distance and/or frequency. Several circuit 
The need for greater capacity, more complex, yet coherent structures have been used for reducing signal travel distance, 

and rapid data processing has always exceeded the ability of _ e -S*> mnMcmp modules (MCMs) and IC chip stacks with 

available technology to meet mat need. Nevertheless, one or more access planes (both discussed hereinafter), and 

advances are constantly being made through the design of frequency is often at t en u a t ed before exiting higher 

fester and more complex processors and essential comple- frequency microprocessors which are internally "clock 

mentary memories, field programmable gate arrays doubled. " Currently, high speed processors may operate at 

(FPGAs), application specific integrated circuits (ASICs), ^ 120 to 130 megahertz with exit signals stepped down to 66 

and the like. More complex circuits take advantage of MHz OT less » primarily to avoid signal reflection/distortion 

multiple parallel processors and ancillary circuitry. and thus limiting system speed 

Having the available processors, memories, and other Reducing signal distance poses yet other problems. Con- 
essential components, it is not difficult to conceive of ventional multichip modules and PC boards are laid out in 
integrated systems capable of performing most desired func- 30 two dimensions, and these designs are adequate for simpler 
tions. However, ever jprr^drg processor operating speeds circuits but become inadequate for more complex multi- 
and concomitant limitations on signal travel distance, circuit component systems. FIG. 1 is an illustration of one such 
density limitations imposed by thermal requirements, and two-dimensional microrffw^ssor/memory array available 
other factors quickly introduce realities which eliminate from ^ Portland, Greg., known as iWARP. The 
many conceivable circuits from consideration. This is true 35 array contains three packaged m^pxocessors 20 mounted 
even when cost is no object and is even more the case when on rc 0031(1 22 which a* 50 carries multiple memory units 
market realities limit acceptable costs of circuit 24. Memory units 24 are interconnected with the inicropro- 
manufacture, testing, reworking, etc. Accordingly, a consid- cessm by conductors on PC board 22. The area occupied 
erable amount of effort is devoted to circuit designs and Dav two-dimensional array is about five times the area 
layouts which make feasible integrated, heterogeneous cir- 40 of the microprocessor chips, and it can be seen that me signal 
cuits that are otherwise only conceivable. distance to and from the furthermost memory units becomes 

Often the most compelling imperative in circuit design significant, especially as microprocessor operating frequen- 

and structure is to limit signal travel distance (duration) ^ increase ' 

between processors, memories, and other ancillary compo- A similar, contemporary microprocessorymemory array 

nents so that processor operating speed (frequency) need not 45 known as n25 available from nCUBE, Beaverton, Greg., is 

be limited and reliable data processing and management can illustrated in FIG. 2. In this array, the microprocessor 

be achieved. And often circuit performance is most restricted package 26 containing microprocessor chip 28 is mounted 

by the system's ability to accommodate imcroprocessor on PC board 30 which also carries a plurality of memory 

frequency which eliminates many circuit design options due units 32. As in the iWARP array, the memory units and 

to excessive signal travel distance. In fact, processor oper- 50 ^coprocessor are connected by conductors on PC board 30 

ating speeds are often reduced or stepped down in view of and provide memory function required by the microproces- 

unavoidable signal travel distance requirements imposed by son As illustrated, the area occupied by the nCUBE array, 

the system design. For instance, some of the previously Le., the array "footprint," is three to four times the area of 

known circuit designs discussed hereinafter involve the use mc microprocessor clap resulting in significant signal travel 

of multiple high speed processors and numerous essential 55 distances between microprocessor and memory units, 

memory ICs. Often, any arrangement of such circuit com- A unique, hybrid combination of two and three dimen- 

ponents in two dimensions is impossible due to the signal sional IC chip arrays designed to reduce component spacing 

travel distances required between the processor and other is illustrated in PCT International Publication No. WO 

components. 94/13121, Jim. 9, 1994, application No. PCT/US 93/11601, 

The principal reason for these limitations is known as 60 by John C Carson. The hybrid combination is illustrated, in 

signal reflection/distortion. Typical digital signals are step part, in FIGS. 3 and 4 and combines the memory chips 
functions having extremely fast rise and fall times, and serving each inicroprocessor within the microprocessor 

signal duration and rise and faU tunes decrease markedly as "footprint** by die chip and interconnect a rr a ng e m ent ilhis- 

operating frequencies increase. If signal travel distance is trated. 

relatively long with respect to signal periodic rise and fall 65 This design represents a significant improvement in 
time, the signals are reflected in-line and can be distorted by micropiXK^sscx/memory array component density over the 
such reflectance to the point that extra or "ghost" signal iWARP and nCUBB systems. In Carson, the necessary 
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memory chips arc first integrated into a compressed stack 
having an access plane on one side bonded at T-connects" 
or by other connections to the microprocessor, so that the 
memory stack fits within the microprocessor "footprint" In 
an alternative embodiment, the memory chip stack is bonded s 
to an interface layer which, in turn, is bonded to and within 
the "footprint" of the microprocessor. The microprocessor/ 
memory stacks can further be arranged in a two-dimensional 
array for massive parallel processing as discussed by Car- 
son. As a consequence of this arrangement, Carson reduces 10 
imcroprocessor-memory spacing and, therefore, the signal 
travel distance and time. 

These and other advantages of threes-dimensional chip 
stacking, wherein chips are bonded directly to each other, 
and methods of manufacturing such assemblies, are former 15 
elaborated, for instance, by Clark, U.S. Pat No. 4,403,238, 
Carson, et al, VS. PaL Nos. 4,525,921, 4,551,629 and 
4,646,128, and Belanger, et al, U.S. Pat No. 4,617,160. 
Such chip stacks provide very high circuit densities with 
conventional IC chips. However, the techniques employed 20 
to achieve those results impose some limitations on the 
flexibility of those assemblies in other respects. For instance, 
such chip assemblies cannot be easily repaired, and cannot 
be repaired practically in the field. Furthermore, the geom- 
etry of such three-dimensional chip assemblies often places 25 
some significant limitations on the diversity of chips that can 
be incorporated in one unit ICs come in a variety of sizes 
with the exterior dimensions depending, primarily, on circuit 
complexity and layout and the manufacturer's desire to 
reduce substrate size and cost For this reason it would be 30 
complicated, at best, to incorporate all of the ICs required far 
a heterogeneous circuit into a single cube. Another problem 
with densely packed cube structures, such as those described 
by Carson and others, supra, are limitations on heat transfer 
which may not be acceptable under some circumstances. 35 
Obviously, the circuit density of the densely packed cube 
devices concentrates thermal load and must be accommo- 
dated by adequate cooling. 

Yet another alternative for using the third dimension to 
reduce overall circuit area is described by Palmer and 40 
Newton in their article "3-D Packaging Using Low- 
Tenu>erature Coflred Ceramic (LXCC)" Int'L Journal of 
MicrochTtiits and Electronic Packaging, V. 16, No. 4, 4th 
Quarter, 1993, pp. 279-83. These authors describe a 
rnultimodular/stacked memory device in which a plurality of 45 
chip carriers, or tubs, each containing one or two memory 
ICs, are stacked and interconnected with external electrical 
interconnects, e.g. solder or conductive epoxy. Signals to 
and from the internal memory units are communicated to the 
module's exterior edge, in part, by interior metallization 50 
between layers of cofired ceramic. The external and internal 
circuitry is connected, in part, through a series of what the 
authors call "blind castellations** within the matrix of each 
module. Those blind constellations are vertical vias within 
the module matrix electrically connected to the interior and 55 
exterior of the module body by interiarninar metallization. 

SUMMARY 

We have found that the two- and three-dimensional IC 
circuit layouts known in the art suffer one or mare disad- GO 
vantages which limit system performance with complex, 
mulu^omponent, high speed circuits presently available. 
The necessity of reducing signal travel distance and time 
between circuit components has been discussed somewhat 
above, and further limitations are placed on currently avail- 65 
able circuit layouts, particularly in some situations, by space 
requirements, ease of component testing, in-field testing and 
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repairability, and heat load, particularly in dense, three- 
dimensional integrated packages. 

These and other deficiencies of prior art devices can be 
ameliorated with the stackable modules and multimodular 
assemblies of mis invention. These nmltimodular assemblies 
comprise stacked, resealablc, electronic circuit modules 
having a plurality of electrically conductive embedded 
through-vias between the upper and lower major surfaces of 
each module. Those through-vias are embedded within the 
module matrix outside of the circuit-containing cavity or tub 
of the module and within the outer edges of the module 
body. 

The stacked modules are electrically interconnected by 
interposing between adjacent modules a resealable, multi- 
channel connector array having electrically conductive 
channels coupling opposing through-vias in the adjacent 
modules. The connector arrays also serve to seal the assem- 
bly when the entire assemblage is compressed together by 
retaining pins or other device. 

These assemblies provide several advantages over pres- 
endy available circuit designs. They enable the reliable 
construction of high-density, complex, high speed circuits 
with all ancillary supporting circuitry without limiting chip 
selection, ease of component testing, hermeticity, or in-field 
repairability. 

While the reduced ^cwtrmnf* of these assemblies and 
their reduced overall volume result in higher power densities 
and, therefore, higher specific heat loads, the interconnect- 
ing through-vias provide heat transfer throughout the assem- 
bly adequate to dissipate the increased heat load even with 
complex circuits, and they thus make possible assemblies 
which would not otherwise be feasible due to thermal load. 

The assembled systems comprise a plurality of heteroge- 
neous (imiMcomponent) hermetic, separately testable mod- 
ules which can be independently tested and replaced on site 
thereby preventing costly down time and factory reworking. 
The through-via design affords the option of providing vias 
in excess of the number required for the original circuit 
design to allow for heat dissipation and circuit redesign and 
expansion; Le. additional modules. It also reduces internal 
wiring density due to its flexible Z-axis configuration. This 
simplicity, in turn, reduces substrate wiring complexity and 
enables the use of simpler, higb-yield laminated module 
designs by reducing the number of signal trace layers 
(between module lamina) required due to the staggered and 
multiple row placement of vertical vias around the periphery 
of the component cavities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages, variations and modifications 
of this invention will be apparent from the following 
description and drawings, of which: 

FIG. 1 is an isometric view of the commercially available 
twcMhmensional, board mounted iWARP microprocessor 
system with support memory; 

FIG. 2 is an isometric view of a commercially available 
nCUBE microprocessor system mounted in two dimensions 
on a single PC board; 

FIG. 3 is a side sectional view of a five-module, multi- 
modular assembly in accordance with this invention con- 
taining processor, memory, and programmable ROM circuit 
modules; 

FIG. 4 is a top planar view of the processor module of 
FIG. 3 showing the processor and address and data buffer 
chips, wire bonding and other module features; 
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FIG. 5 is a side sectional view of the processor module of detail hereinafter, the module signal traces just mentioned 

FIG. 4; and not illustrated in FIG. 3 are described in more detail with 

FIG. 6 is a top planar view of one of the two static RAM reference to FIG. 4-11, along with the interconnections 

(SRAM) modules of the assembly of FIG. 3 showing two between those traces and the embedded through-vias. 

mounted SRAM chips, capacitors and other module com- 5 FIG. 4 is a top planer view of a suitable processor modu le-, 

ponents; 14 wim processor chip 50 a nd address and Hata buff er chips 

FIG. 7 is a side sectional view of the SRAM module of **1 fixedly mounted to the base 55. all of which are electrt^" 

FIG. 6; cally interconnected to metal trac es on mftfllllf latntiffirfofit 

FIG. 8 is a top planar of one of the two program- iflffiaraied) via wireE5n<fi45]ftd outer bond pads 54. Outer 

containing modules of the assembly of KG. 3 illustrating the 10 oonapaas ^ are eiecmcsdff connected to through-vias 53 

mounted electricaUy erasable programmable ROM chips (see FIG. 5) which have contact pads 52 at either end thereof 

and one mounted data buffer chip; at the upper and lower surfaces of module 14. The processor 

a «. * «;a* ^™™™ki^ module 14 illustrated in FIGS. 4 and 5 suitably, has a width 

FKj. 9 is a side sectional view or the programmable mr . . , ^ . . ^ . . . , «^ 

module of PEG 8- (W) and depth (D) of about 1.4 inches, and these dimensions 

™~ *• a * 1 ' , . *> . - , . f . 15 apply to aUinodules within the asseimbly illustrated, in part, 

FIG. 10 is a top partial view of a hypothetical module in in FIG. 3 supra, 

accordance with this invention illustrating circuit to module _ * * - V7 * * - ^ , 

wire bonding, interlaminar signal trace layout, and trace-to- J^adh ^^ZT^ ^^^l^f^ 

throutfi-via orientation: through-vias 53 bordenng.each.side-o^the module tub (i.c, 

™-T • . . . , . . it . . ^ , the central area of the module housing the processor and 

assembly illustrated in FIG. 10; vias toTovide a to^fof^OO matchi^ ^ 

FIG. 12 is a transparent isometric view of a button-type illustrated in FIG. 4. the through-vias 53 have diameters 
inteirnodular connector useful in accordance with this inven- w ithin the module matrix of ^aagpymatery 0.01 inch and 
tl0D * tenninate at larger cectget padsS^ iaving diameters, for 

FIGS. 13(c), (b) and (c) are schematic illustrations of 25 instance, of about OsfeS- inch aSTare spaced on centers of 
connector variations useful in the intermodular connectors about 0.035 inch. After assembly and wiring of the module 
cf FEG. 12; components, the module tub 57 is evacuated in inert atmo- 

FIGS. 14(a) and (b) are top and sectional views, sphere (e.g. nitrogen) and hermetically sealed lid 44 which 
respectively, of a conductive epoxy button connector useful is bonded by metallization or adhesive 58. 
as an mtermodular connector in accordance wim this inven- 30 As illustrated in FIG. 5, processor module 14 comprises 
tion; and 16 total refractory layers, having five layers of lamina below 

FIGS. 15(a) and (b) are transparent partial isometric the base 55 of the interior tub and has an over all height of 
views of two Types of compressible multi-wire mtermodular nominally 0.09 inch. These dimensions, and the diameters 
connectors useful in this invention. ^ and spacing of through-vias 53, become significant in view 

of the necessity of maintaining the integrity of aU signal 
DETAILED DESCRIPTION leads from a module, such as processor module 14, which as 

Referring now to the remaining drawings, FIG. 3 is a illustrated in HQS. 4 and 5, has 396 active wire bonds 45 
side-sectional view of a multimodular device in accordance and bond pad&54. It, therefore, has 396 active internal traces 
with this invention schematically illustrating five stacked ^ or vias betweeVef within the module larnina (not illustrated 
modules 10, 12, and 14 including two electrically erasable, m FIG. 4) communicating between the several components 
programmable, ROM (EEPROM) modules, 10 and 11, 2 of the processor module and through-vias 53. 
SRAM modules, 12 and 13, and processor module 14. The The SRAM modules 12, one of which is illustrated in top 
details of individual modules are illustrated and discussed in planer perspective in FIG. 6, have the same height and width 
more detail with regard to FIG. 4-9 and are illustrated in 43 as processor module 14 and the same num ber and spacing of 
HG. 3 only to show the manner in which the modules can through-vias 53 and contact pads 52. The interior or tub of 
be assembled into a unitary structure. the module, the perimeter cf which is defined generally by 

The five modules illustrated in FIG. 3 are electrically hermetic seal bond ring 58, is also generally the same as that 
interconnected via resealable, multichannel connectors 18, illustrated for the processor module 14. However, the 
and a similar connector 18 connects the through-vias in so SRAM, module contains two SRAM chip stacks 60 wire- 
lowermost module 14 to circuit board 17 from which si gnals bonded to outer bond pads at two levels as better illustrated 
are distributed beyond housing 15 via circuitry not shown. m TOG. 7, which is a side-sectional view taken along Section 

The five modules arealigaed relative to each other and to 7 ~ 7 of ™- 6 Module n b ^° Provided with four 
circuit board 17 by any suitable positioning device, such as capacitors 61 ancillary to the SRAM units. Due to the height 
guide pin 40, and the entire assembly is supported on base 55 and coiifignration on the two SRAM units 60, 

16 within housing 15 retained on the base by suitable module 12 has an overall height of about 0.13 inch, 
tie-downs, such as bolts 19. The assembly is rendered more The last two modules of the assembly, EEPROM modules 
shock-resistant by spacer 42 which can comprise any 10, are illustrated in FIG. 8 in top planer view and in FIG. 
resilient, preferably dielectric ma^ay Headspace 41 is 9 and in off-set sectional view taken along section 9 — 9 of 
provided to accommodate compressed entrapped gas during 60 FIG. 8. Each of these modules comprises 2 EEPROM chips 
assembly. Also illustrated schematically in HG. 3 are the 70 which can be XT28 C 010 crops available fromATMEL, 
various module components (discussed in more detail and data buffer (temporary data storage) chip 71. Each of 
hereinafter), the multiple layers of refractory 43 from which modules 10 has the same exterior dimensions as processor 
the modules are assembled in one pre fe r re d embodiment, module 14 and the samen umber and spacing of internal vias 
hermetic sealing lids 44 on each module, and wire bonds 45 65 53 and via bond pads5Z) 

dectrically connecting the components with conductive The bodies of modules 10, 12, and 14 can be manufac- 
signal traces on the module lamina. As discussed in more tured cf any suitable dielectric material capable of providing 
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the necessary placement and integrity of through-vias 53, structure with, more layers in the module to provide a greater 
contact pads 52, and the necessary electrical connections, number of interlaminer layers through which to run signal 
such as wire bond pads 54 and signal traces or vias com- leads or lateral signal vias. Thus, these modules will com- 
municating between pads 54 and through-vias 52. The signal prise at least two, generally at least three, and typically at 
traces are illustrated in HQS. 10 and 11 and are discussed 5 three to about thirty layers of lamina determined primarily 
hereinafter. by the height of contained electronic components and the 

One manner in which the buried signal traces connecting number of signal leads and through-vias in the module, 
the I/O leads of electronic components contained within the The number of signal connections per module will 
module to the through-vias is illustrated in FIGS. 10 and 11, depend, of course, upon the components contained in that 
of which FIG. 10 is a top planer view of a segment of a 10 module and usually is at least about 10, often at least 20, and 
module similar to those illustrated in FIGS. 3-9 and FIG. 11 generally about 50 to as high at 1000 or more leads per 
is a side-sectional view of the segment illustrated in FIG. 10 module. Most typical modules will involved about 50 to 
taken along section line 11 — 11 of FIG. 10. The module about 400 signal leads interconnected either internally 
body 80 contains a hypothetical electronic component 83 within the same module or with the through-vias. The 
having VO pins 84 mounted to the floor of the internal well 15 number of signal leads and their orientation, in turn, deter- 
in the module by suitable adhesive 89, such as epoxy or mines die number and layout of signal traces, lateral vias, or 
solder well known in the art The m odule well is bordered by 0th 5 ^ ofinterconnections between module components 
Slows ol through-vias 81 embedded within the module mc throu ^ l vias - 

layers 87 and extending continuously vertically through the ^ nmnber °f through-vias must be adequate to accom- 

module body as illustrated in FIG. 11. The vias terrninatc in « rnodate the number of signals trammitted between modules 

contact pads 82 at either end of each via. I/O pins 84 of eternal f the assembly and exiting the assemWy as well as 

device 83are interconnected by wire bonds 85 with outer ^^^f^^^^f T *T* ^^/^ he * 

bond pads 8* on the buried traces 88. Each of traces 88 is, £ m ° f *° 0thcr <W>nents <>f the 

<n> " "TV ™J , , ~* ' modules, the number of through-vias can vary considerably 

" t ™^ DneC ^ 1 . t0 r e ^ 0f 8 JJ? * view' of demands imposed by the Sts involved, 

musttated, inpart, in the side sectional view of FIG. 11. FIG. ^ Ordinarily, however, each^oAile in the assembly will have 

11 illustrates, in part, the four lowermost traces illustrated in at least about 20, typically at least 50, and most often 50 to 

HG. 10 showing that they originate at bond pads 86 at four as many as 1000 through-vias per module, and each module 

different levels in the module cross-section thereby enabling in an assembly typically will contain the same number and 

them to extend, uninterrupted and without interference, into layout of through-vias. However, different numbers of vias 

the interior of module body 80 along the dielectric layer ^ can be used in different modules in the same assembly, far 

planes 87. instance, to provide interconnections between two or more 

Any variations of the signal wiring arrangement illus- modules within an assembly having an overall greater 

trated in FIGS. 10 and U suitable for conimunicating signals number of total modules. Vertical via spacing and size are 

from device 83 to through-vias 81 can be employed within related to accommodate signal and heat carrying capacity 

the concepts of this invention. For instance, device 83, often 35 and to reduce overall module dimensions as much as pos- 

an IC chip, can be flip-chip bonded to signal leads running sible. In this regard, through- via spacings as low as 0.02 inch 

from th^nW of me module mb to the tra^ on centers can berad^ acMeved with vias having diam- 

between layers 87 of the module body 80. Also, lateral eters as small as 0.008 ir^^contact pads at either end of 

internal vias can be employed to cemmumcate signals from * ™f * 

. . ^ . * rL+,-1.1 «i „„u „ : *i c^Ti * i number of advantages including heat transfer as discussed 

Z^^V^'T h ktCral 40 above, andfortmt reason, a number of through-vias in 

S^^J^r £ r^J^l!^. 1 ^ £ excess of that required simply for signal c^g%*Mty 

those illustrated for the signal traces illustrated in FIGS. 10 ^ be provided to fecflmrte heat fransfcr and toprovide 

and 11 with the exception that such vias would occupy a flexibility for reworking module assemblies, for rerouting 

channel through a portion or all of the height of an appro- Trarir? nrrrrnnfrrd to aroommndntr mndiflqjTiioriiilr i, .niri fm 

priate layer 87 of the module body. 45 test pads*rain-lab or in-field testing! 

The module assemblies comprise at least two modules up s' Tfoeinod^s OT^ubs" canber^^ 

to the number of modules required to house the desired v^dectric, preferably high temperature resistant diele 

circuitry in a unitary structure, with the limiting factor on Including plastics and ceramics, by procedures well kL 

module number generally being thermal conductivity and inthe art, such as those discussed for cofired laminate 

heat load. Typically, most assemblies can be effectively 50 cerarmcWnd laxninated plastics in "Electronic ] 

integrated within two to about ten modules assembled as and Intert»nne^ot K^dhook w 1 Mcfiraw-Hjll, J 

iUustrated in FIGS. 3 and 4 with most circuits requiring at dons 6.23 and 6.2.4, pages 630 et seq. and by Palmer and 

least about three of such modules. Newton in "3-D Packaging Using Ix>w-Temperature Cofired 

Module dimensions are also widely variable, and the Ceramics (LTCQ*\ International Journal of Mcrocircuits 

modules can be of any size required to house the circuits 55 and Electronic Packaging, voL 16, no. 4, fourth quarter 1993 

involved, and they are preferably as small as possible to pages 279-284, the disclosures of which are incorporated 

achieve that function. Typically, the depth (D) and width herein by reference in their entireties. High temperature 

(W) of the modules as illustrated in planer view of FIG. 3 are cofired ceramic and pressed ceramic technologies, as well as 

about 5 inches or less, preferably about 3 inches or less in other technologies used for producing ■miUflMnfaflr modules 

the maximum of those dimensions. Module height is deter- 60 of the type illustrated in the drawings and discussed herein, 

ruined by the number of layers of lamina in the module can also be employed. Suitable ceramics or, more broadly, 

which, in turn, is largely a function of design convenience refractory inorganic oxides, include the many temperature 

(for housing electronic components) and the number and resistant, dielectric inorganics known in the art such as 

configuration of signal power, ground, and shielding traces alumina, beryllia, aluminum nitride, silicon carbide, silica, 

or other leads, from contained circuitry to the through-vias. 65 etc Illustrative plastics include high temperature epoxies, 

A greater number of signal leads, as well as a greater number polyimides, triazines, temperature resistant phenolic resins, 

of through-vias, can be effectively managed in one unitary etc. 
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Typical ceramic composites having signal traces and provide one or more connector contacts for each through- via 
through-vias as illustrated herein can be prepared by form- in the modules so that adequate interconnection of vias in 
ing a dispersion or slurry of ceramic powder, casting the adjacent modules is ensured, provided there is accurate 
slurry into thin sheets, and drying to form sheets of "green" placement of modules and connector arrays. The connector 
tape ready far size catting, hole punching (e.g., for the 5 arrays are preferably compressible and also preferably have 
vertical vias described herein), and cutting out areas to be compressible electrical contact (connector) areas to better 
the center cavities of the modules. At this stage, signal traces ensure adequate via-to-via contact for all through-vias. Suit- 
can also be screened onto the surface for connections able mays usoa ny have contact spacings of about 0.01 to 
between wire bond pads and the through-vias, intramodule about 0 . i mcn on centers, corresponding to the usual center- 
connections, or otherwise, using, for instance, a tungsten 10 to-center placement of through-vias. 
powder slurry; and the via holes can be filled with metaL The 0 . . , . . At _ 
tungsten slurry used for signal trace screening can also be w ^^ c J :OIl ?^ t0r 5L ay l for the 
employed ta this purp^or molybde^m-^nS^ ^^ITand^ 

alloys can be substituted^ tungsten in the vias and/or £?? Z^\^™^ A °I 

traces. Multiple sheets cm to foWone module tub are then „ ^ ^ ^3^^ T*"^ 

„ at%r ^JZZLa *,™*w~ i„ , 13 silver-filled epoxy dots illustrated in FIG. 14 and available 

press-laminated together m a confining fixture and fired, , * V. XT „ „ . . ^ „ 

T„ 5 »i^ro i„ a ^^,««' n „ oh„Lj»^ ^ Z from Mem Corporation, Needham Heights, Mass; the 

through-vias 15 available from Fujipoly Inc., Cranford, N J.; and the 

. * ^ . „. . . ^ "Matrix MOE** elastomeric connectors available from Elas- 

J0!$ mCtaIU ^ a pl3 ? in L CaD ^1 * 20 tomeric Technologies, Inc., Hatboro, Penn., 

accomplished by procedures well known in the art such as „ „ ' „ 

plating the exposed tungsten traces with nickel in r^epara- FIG. 12 illustrates a section of a <Fuzz Button connector 
don for led brazing or with Kovar, specialized iron-nickel- array showing a transparent isometnc of a dielectric layer 90 
cobalt alloys, or Ailoy-42 for gold-copper eutectic alloy havhL Z <* a ? ert |? es 92 Mo which fitted 

braising. Tlieseprc^dures are conventional m 25 compile, conducive ^Buttons" 91, each of which 

not constitute an aspect of this irmntion. Accordingly, any Fff erably protrudes beyondfee surface of substrate 90 a 
methods and materials suitable for forming conductive sig- minor amount, e.g., about 0.003 to about 0.01 mch per side 
nal traces, through-vias, wire bonding pads, etc can be sumoent to ensure contact with the througb-via contact 
employed. The signal trace and bond pad layouts for ^ Substrate 90 can comprise any suitable insulating 
component-to^component and component-via interconnects 30 matcria1 ' generally a plastic such as the epoxies and tern- 
can be designed manually, although the procedure can peraturc resistant polyimides and tnazines referred to above, 
become time consuming with complex three dimensional, ^ insulating layer 90 is preferably as thin as possible to 
midtimodular assemblies. More expeditious design and sig- ensure adequate sealing of the modules and adequate 
nal trace layout can be accomplished with available MCM "2** ?? nml ^? l 5 nnel ^J?* ^J* 5 

CAD tools such as Cadence Allegro, available from M obtained m substrate thicknesses as low as 0.032 inch. The 
Cadence Design Systems, Inc., San Jose, Calif., and MCM m wound cylinders of gold-plated, 

Station available from Mentor Graphics, Inc., Wilsonville resihent, conductive wire retained in hourglass-shaped aper- 
Oreg, 92 - 

Similar procedures can be employed to manufacture mod- FIGS. 13(A), (B), and (C) illustrate variations of the 
ale bodies using laminated plastic technologies by preparing 40 button contacts illustrated in FIG. 12 which are also avail- 
and cutting thin sheets of suitable plastic, such as those able from Cinch Connectors, Inc., with FIG. 13(A) showing 
noted above, to form interior cavities and through-vias. aD expanded view of the button contact 91 of FIG. 12 in 
Signal traces and wire bond pads can be formed by copper, ^electric substrate 90. FIG. 13(B) illustrates a similar 
nickel, and/or gold plating. Also at this stage the holes for contact comprising non-conductive cylinder 100 containing 
vertical vias can be filled with conductive metals such as 45 conductive P" 1 101 on 31(1 of which are mounted 
gold, silver, copper, or ahminnm by pressing the metal in compressible randomly wound conductive wire contacts 
paste form through a screen mask using a squeegee. There 102 > such as the button contacts 91 of FIGS. 12 and 13(A). 
are a number of reputable suppliers for miilti-laminar mod, mG - mu spates yet another variation of these contacts 
utes using technologies compatible with the module designs showing a dielectric substrate 105 containing conductive 
of this invention having the through vertical vias described. 50 ratal pin 106 opposed by compicssiMe, randomly wound 
niustratrve are Kyocera, San Diego, Calif.; Micro Electronic conductive wire button or cylinder 107. 
Packaging, Inc., San Diego, Calif.; and Coors Electronic FIGS. 14(A) and (B) illustrate, respectively, a top planar 
Packaging, Inc., Chattanooga, Term. view and a side sectional view of conductive, silver-filled 

After the modules are formed, the electronic components epoxy dots 110 about 0.02 inch in diameter on 100 mil 
are mounted and wire bonded as described, in part, above, S3 spacing embedded in dielectric epoxy substrate HI. This 
typically with gold or aluminum wire, the module contents type of connector array can be obtained with dielectric 
pr e , p nr^ pcniatwi in a pniymwfr mti ng W-^^Ai^^ri. thicknesses as small as 0.002 inch ox less and dot heights of 
| callv with a metal or ftw44hf*-m^ii1r is «rra1rd 0.004 inch available from Merix Corporation, supra. These 

Ar\JW, I as described ab ove A f te r c avironTn e ntal --and-Aincttona1 arrays of epoxy dots can be deposited directly on one or both 
^ I testing, the modules then can be assent ed as illus trated, in 60 surfaces of the modules with the location of the dots 

Q I part, in FIG. 3 and described above, using a resealable, corresponding to the location of through via contact points 

multichannel connector array, several types of which are at the module surface, 
. — ' ' presently available from manufacturers in the component FIGS. 15(A) and (B) are transparent isometric illustra- 

packaging industry. The connector array matrix is usually a tions of Fujipoly Inc.*s W Series "L" and **S M pattern 
non-adherent, resealable plastic, such as the high tempera- 63 conductors, respectively, which are yet another alternative 
ture epoxies, rx>lyimides, triazines, andphenolics referred to for use as the multichannel contact arrays. Both conductor 
above. These connector arrays can be custom designed to arrays comprise a dielectric silicon rubber sheet 120 con- 
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taining either single bundles of embedded, gold plated wires 
("L" pattern) 121 in FIG. 15(A) or multiple bundles of gold 
plated metal wires 122 for the "S n pattern illustrated in FIG. 
115(B). In bom instances, the conductive portion 121 and 
122 of the substrate 120 contains about 300 to about 2,000 5 
free metal wires per square centimeter of conductive area. 
These arrays and others available from Fujipoly can be 
obtained with wire bundle spacing customized to correspond 
to the spacing of through-via contact pads on modules 
formed in accordance with this invention to provide useful, 10 
re scalable multichannel contact arrays. 

Numerous variations and modifications of the foregoing 
concepts of this invention will be apparent to one of ordinary 
skill in the art in view of the foregoing disclosure and 
drawings, and it is intended that such variations be encom- 15 
passed within the appended claims. 

We claim: 

1. A stacked, resealable, multinodular, electronic circuit 
assembly comprising: 

(1) at least two stacked modules, each module comprising 20 
a dielectric substrate having upper and lower planar 
surfaces and at least one cavity in at least one of said 
surfaces said cavity having lesser width and breadth 
than said one surface, thereby forming a dielectric 
substrate matrix surround said cavity; 25 

(2) at least one electronic component comprising a three- 
dimensional stack oylcVhips positioii^^i within ntl**a^ 
one cavity Ot each o iTmft said mnrfnlfts anr| faying T/n 

contacts; 3o 

(3) a closure plate overlying said cavity, enclosing same 
and bonded to said one surface to provide a hermetic 
seal of said cavity; 

(4) a plurality of electrically conductive through-vias 
between said upper and lower planar surfaces of each 35 
of said modules outside of said cavity and within said 
matrix, each of said through-vias having exposed elec- 
tric contact points where it penetrates said upper and 
lower planar surfaces; 

(5) said VO contacts of said electronic components in 40 
each of said modules being electrically connected with 
through-vias in each respective module; and 

(6) a planar, multichannel connector between each oppos- 
ing pair of said modules for sealing said modules when 
pressed together and having separate electrically con- 45 
ductive through channels in an array on centers of 0.2 
inch or less and electrically coupling opposing through- 
vias in said adjacent modules. 

2. The assembly defined in claim 1, wherein said modules 
comprise multiple, laminated, dielectric lamina oriented in 50 
planes generally perpendicular to the major axis of said 
through-vias. 

3. The assembly denned in claim 2, wherein said layers of 
dielectric lamina comprise a refractory inorganic oxide, 
nitride, carbide, or combination thereof. 55 

4. The assembly defined in claim 2, wherein said I/O 
contacts are connected to said through-vias by electrically 
conductive paths along the interfaces between adjacent 
layers. 

5. The assembly defined in claim 4, comprising at least 60 
two rows of said through-vias bordering at least one side of 
said cavities in said modules, and the number of interfaces 
between said layers in at least one of said modules is at least 
equal to the number of said rows of said through-vias. 

6. The rnultimodular assembly defined in claim 5, wherein 65 
said electronic components within said assembly, combined, 
have at least about 50 of said VO contacts electrically 
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connected to said through-vias, and each of said modules has 
at least about 50 of said through-vias electrically connected 
with corresponding opposing vias on adjacent modules. 

7. The assembly defined in claim 4, comprising at least 
four rows of said through-vias bordering to at least one side 
of the cavities in said modules and at least about five layers 
of lamina in at least one of said modules forming interfaces 
available for f coming conductive paths between said VO 
contacts and said through-vias. 

8. The ixuiltirnodular assembly defined in claim 4, com- 
prising at least three of said stacked modules, at least about 
50 of said through-vias, and at least about 50 I/O contacts on 
said components connected to said vias. 

9. The rnultimodular assembly defined in claim 2, wherein 
said VO contacts are interconnected with said through-vias 
in a pattern such that each of said components can be tested 
by deterrnining electrical signals in said through-vias. 

10. The stacked, rnultimodular assembly defined in claim 
2, further comprising a number of said through-vias in 
excess of that required fear connection with said I/O contacts 
on said components such that said assembly comprises 
unconnected through-vias. 

11. The nnmimodular assembly defined in claim 10, 
comprising at least one memory IC chip. 

12. An expandable memory, stacked, rnultimodular 
assembly comprising the assembly defined in claim 10 
having memory and processor logic circuitry. 

13. The assembly defined in claim 1, wherein said mul- 
tichannel connector array comprises a dielectric plastic or 
elastomeric layer comprising said electrically conductive 
channels. 

14. The assembly defined in claim 13, wherein each of 
said channels comprises an aperture through said layer 
containing a compressible electrically conductive wire 
bundle. 

15. The assembly defined in claim 5, wherein said com- 
pressible wire bundle comprises a randomly wound wire 
strand. 

16. A stacked, resealable, rnultimodular, electronic circuit 
assembly comprising: 

(1) at least two stacked modules, each module comprising 
a dielectric substrate formed of multiple, dielectric 
lamina having upper and lower planar surfaces forming 
interfaces between adjacent lamina, and at least one 
cavity in at least one of said surfaces, said cavity having 
lesser width and breadth than said one surface, thereby 
forming a dielectric substrate matrix surrounding said 
cavity; 

(2) a plurality of electrically conductive through-vias 
oriented along axes generally perpendicular to the 
planar surfaces of said lamina and arrayed in at least 
two rows of said through-vias bordering at least one 
side of said cavities in said modules, and the number of 
interfaces between said layers in at least one of said 
modules is at least equal to the number of said rows of 
said through-vias between said upper and lower planar 
surfaces of each of said modules outside of said cavity 
and within said matrix, each of said through-vias hav- 
ing exposed electric contact points where it penetrates 
said upper and lower planar surfaces; 

(3) at least one electronic component comprising a three- 
dimensional stack of IC chips positioned within at least 
one cavity of each of the said modules and having VO 
contacts connected to said through-vias by electrically 
conductive paths along the interfaces between adjacent 
layers; 

(4) a closure plate overlying said cavity, enclosing same 
and bonded to said one surface to provide a hermetic 
seal of said cavity; 
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(5) at least about 50 of said I/O contacts electrically 
connected to said through-vias, and each of said mod- 
ules has at least about SO of said through-vias electri- 
cally connected with corresponding opposing vias on 
adjacent modules with said I/O contacts of said elec- 
tronic components in each of said modules being 
electrically connected with through-vias in each 
respective module; 

(6) a planar, multichannel connector array between each 
opposing pair of said modules having separate electri- 
cally conductive channels electrically coupling oppos- 
ing through-vias in said adjacent modules and for 
sealing said modules when pressed together; and 

(7) contact pads at either end of said through-vias having 
a diameter gieata than the maxiTnn^ n diame ter of the 
through-vias, with said through-vias arranged in a grid 
pattern on centers of about 0.2 inch or less, and each 
having a diameter within the module matrix of about 
0.05 inch or less. 

17. A stackable module for containing and interconnect- 
ing electronic components comprising a dielectric substrate 
having upper and lower planar surfaces and at least one 
cavity on at least one of said surfaces for containing one or 
mare three-dimensional IC chip stacks, said substrate com- 
prising multiple, laminated layers of said dielectric, at least 23 
100 electrically conductive through-vias between said upper 
and lower planar surfaces of said module outside of said 
cavity and within the matrix of said module in a grid pattern 
bordering said cavity and being spaced on centers of about 
0,2 inch or less and having nrnhnnm diameters within the 30 
matrix of said module of about 0.05 inch or less, each of said 
through-vias having exposed electric contacts at either end 
where it penetrates said upper and lower surfaces of said 
planar substrate and electrically conductive signal paths 
mterconnecting said through-vias and the interior of said 
cavity and being located between said layers of said module 
for commu moating electronic signals to and from electronic 
components within said cavity, and a closure plate covering 
said cavity and sealed thereabout to hermetically contain 
said cavity. 

18. The stackable module defined in claim 17, comprising 
at least three of said laminated layers and having said 
electrically conductive pathways between at least two of 
said layers interconnecting said through-vias and said cavity. 

19. A multinodular assembly comprising at least two 
stacked modules defined in claim 17, each containing at least 
one electronic component and at least one of said modules 
containing said mree-drmensional stack of IC chips, the VO 
contacts of said electronic components being interconnected 
with said through-vias via said inter laminar electronic 
signal paths, each of said modules being electrically inter- 
connected with at least one adjacent module through a 
resealable, multichannel connector array having separate 
electrically conductive channels dectricaUy coupling each 
pair of opposing, matching through-vias in said adjacent 
modules and for sealing said modules. 

20. A stacked, resealable, multmiodular, electronic circuit 
assembly comprising at least three stacked modules, each 
module comprising multiple inr^f p qt^ dielectric farm'tia 
layers of a refractory inorganic oxide fo rmin g a dielectric 
substrate having upper and lower planar surfaces and at least 
one cavity in at least one surface of each of said modules for 
containing at least one electronic component; 
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a. said laminated dielectric lamina being oriented in 
planes generally parallel to said upper and lower planar 
surfaces; 

b. at least one three-dimensional chip stack of electronic 
components positioned within at least one cavity on 
each of said modules and having I/O contacts; 

a at least about 200 electrically conductive through-vias 
between said upper and lower planar surfaces of each 
of said modules through the matrix thereof outside of 
said cavity and within the outer surface of each module, 
each of said through-vias having exposed electrical 
contact points where it penetrates said upper and lower 
planar surfaces of said module, and the position of said 
contact points on each surface of said module corre- 
sponding to the position of corresponding through- via 
contact points on adjacent modules, whereby said con- 
tact points can be electrically interconnected as 
described hereinafter; 

d. at least about 100 of said VO contacts of said electronic 
components being electrically connected to said 
through-vias by electrically conductive paths along the 
interfaces between adjacent layers of said dielectric 
la m i ng; and 

e. a resealable, multichannel connector array between 
each opposing pair of said modules having separate 
electrically conductive channels electrically coupling 
opposing, matching through-vias in said adjacent mod- 
ules and for sealing said modules when pressed 
together, thereby hermetically sealing each of said 
cavities, said multichannel connector array comprising 
a dielectric plastic or elastomeric layer with said elec- 
trically conductive channels in an array on centers of 
about 0.2 inch or less. 

2L The multimodular assembly defined in claim 20, 
wherein each of said channels in said connector array 
comprises an aperture through said layer containing a 
compressible, electrically conductive wire bundle. 

22. The stacked, multimcdular assembly defined in claim 
20, wherein said through-vias constitute continuous thermal 
conductive paths through said assembly. 

23. A method for assembling and electrically intercon- 
necting electronic components which comprises positioning 
at least one tirree-dimensianal IC chip array in said cavities 
of each of at least 2 of said modules defined in claim 17, 
closing and hermetically sealing each of said cavities with a 
closure plate to form hermetically sealed modules, and 
electrically connecting the VO contacts of each said IC chip 
array to said conductive through-vias, stacking said modules 
and electrically interconnecting said through-vias therein by 
interposing between each adjacent pair of modules a mul- 
tichannel connector array comprising a compressible, 
dielectric layer having electrically conductive channels cor- 
responding to and interconnecting each opposing pair of 
through-vias in adjacent modules when pressed together; 
said through-vias and electrically conductive channels in 
said connector array being spaced on centers of about 0.2 
inch or less. 

24. The method of claim 23 which comprises using a 
dielectric plastic or elastomeric layer as said multichannel 
connector array. 
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